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'LHVHO HQJLQHVDUHZLGHO\XVHG LQ WUDQVSRUWDWLRQ V\VWHPVDQGSRZHUJHQHUDWLRQDQGSOD\DPDMRU UROH LQ
LQIOXHQFLQJIXHOHFRQRP\DVZHOODVFRQWULEXWHWRWKHHQYLURQPHQWDOLPSDFWRIDLUSROOXWLRQVLJQL¿FDQWO\1LWURJHQ
R[LGHV12[ DQG VRRW DUH WKH SUHGRPLQDQW SROOXWDQWV IURP GLHVHO HQJLQHV$GGLWLRQDOO\*URZLQJ FRQFHUQV DERXW
IRVVLO IXHO GHSOHWLRQ DQG UHFHQW WHQGHQF\ WRZDUGV PRUH VWULFW UHJXODWLRQV RQ HPLVVLRQV KDYH EHHQ D VLJQLILFDQW
LQFHQWLYHIRULPSURYLQJWKHIXHOHIILFLHQF\DQGUHGXFLQJLQF\OLQGHUHPLVVLRQV:DWHULQMHFWLRQLVRQHRIWKHXVHGLQ
F\OLQGHU VWUDWHJLHV DLPLQJ WR FRQWURO WKH GLHVHO FRPEXVWLRQ DQG HPLVVLRQV DQG KDV VWXGLHG IRU GHFDGHV :DWHU
LQMHFWLRQKDVYDULRXVHIIHFWVRQGLHVHOFRPEXVWLRQVXFKDV WKHGLOXWLRQHIIHFW WKHWKHUPDOHIIHFWDQGWKHFKHPLFDO
HIIHFWDQGDOORIWKHPFRQWULEXWHGWR12[DQGVRRWUHGXFWLRQ>±@7KHGHFUHDVHLQVRRWDQG30HPLVVLRQVZLWK
ZDWHU LQMHFWLRQ ZDV UHSRUWHG DV D UHVXOW RI WKH GLOXWLRQ HIIHFW ZKLFK RFFXUV GXH WR PLFURH[SORVLRQV RU VXGGHQ
H[SDQVLRQ FDXVHGE\ WKH GLVUXSWLYH HIIHFW RIZDWHUYDSRUL]LQJZLWKLQ WKH IXHO GURSOHWV GXULQJ WKHGURSOHW KHDWLQJ
SHULRG>@$OVR WKHUHGXFWLRQRI30DQGVRRWHPLVVLRQVZDVH[SODLQHGGXHWR WKHLQFUHDVHLQ WRWDO LQMHFWHGPDVV
WKDW LQFUHDVHV WKHPL[LQJ UDWH EHWZHHQ IXHO DQG DLU&RQVHTXHQWO\ WKHPDVV IUDFWLRQRI WKH IXHO WKDW EXUQV XQGHU
SUHPL[HGFRQGLWLRQLQFUHDVHG>@7KHZDWHUWKHUPDOHIIHFWLVGHILQHGDVWKHLQMHFWHGZDWHUJHWWLQJWKHODWHQWKHDWRI
YDSRUL]DWLRQIURPWKHKHDWUHOHDVHGGXULQJWKHFRPEXVWLRQUHVXOWVLQORZHUKHDWUHOHDVHDQGIODPHWHPSHUDWXUH7KH
ZDWHU WKHUPDOHIIHFW LVGXHWR WKHKLJKODWHQWKHDWRIYDSRUL]DWLRQDQGVSHFLILFKHDWFDSDFLW\RI LQMHFWHGZDWHUDQG
UHVXOWVLQGHFUHDVLQJWKHGLHVHOIODPHWHPSHUDWXUHDQGFRQVHTXHQWO\WKHWKHUPDO12[>@>@>@>@DQG>@7KH
FKHPLFDOHIIHFWZDVH[SODLQHGDV WKHZDWHUDGGLWLRQOHDGVWR LQFUHDVHLQ2+UDGLFDOV WKDWPLJKWKDYHDVLJQLILFDQW
LPSDFWLQVRRWR[LGDWLRQDQGUHGXFHWKHVRRWIRUPHGLQWKHJDVSKDVH>@>@+RZHYHUWKHWKUHHHIIHFWVDUHUHODWHG
DV WKHGLOXWLRQRIZDWHUYDSRXUPD\WHUPLQDWH WKHFKHPLFDO UHDFWLRQ LQ WKHJDVSKDVHGXH WR WKHUHGXFHGDSSDUHQW
KHDWUHOHDVHUDWH$+557KHVXSSUHVVLRQRI WKHFKHPLFDOUHDFWLRQPLJKWFDXVHDUHGXFWLRQLQÀDPHWHPSHUDWXUH
DQGFRQVHTXHQWO\DUHGXFWLRQRIWKHUPDO12[HPLVVLRQV>@
7KHUHDUH WKUHHZD\V WR LQWURGXFHZDWHU LQWR WKHHQJLQHF\OLQGHU)LUVWO\E\XVLQJZDWHU LQMHFWLRQ LQ WKH
LQWDNHPDQLIROG6HFRQGO\E\GLUHFWZDWHULQMHFWLRQLQWKHHQJLQHF\OLQGHUXVLQJDVHSDUDWHLQMHFWLRQSXPSDQGWKH
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SRVVLELOLW\WRFKDQJHWKHZDWHUIXHOUDWLRZKLOHYDU\LQJHQJLQHVSHHGDQGORDG>@7KLVV\VWHPVKRZVDFRQVLGHUDEOH
LPSURYHPHQW LQ ERWK12[ DQG30HPLVVLRQV+RZHYHU WKH GLVDGYDQWDJH RI WKLV WHFKQLTXH LV WKDWZDWHU LQMHFWRU
VKRXOGEHDGGHGWRWKHHQJLQHF\OLQGHU>@$GGLWLRQDOO\WKHFRLQMHFWLRQUHTXLUHGDPRUHDGYDQFHGFRQWUROV\VWHP
WKDWFDSDEOHRI LQMHFWLQJERWKRIZDWHUDQGIXHO LQGLIIHUHQWTXDQWLW\XVLQJ WKHVDPHLQMHFWRU$OVR WKHDPRXQWRI
PL[LQJ LQVLGH WKH LQMHFWRU LV QRWZHOO NQRZQ DQG FDQYDU\ZLWK WKHGHVLJQRI WKH LQMHFWRU ERG\ >@'LHVHOZDWHU
HPXOVLRQVWXGLHGLQ>@>@>@>@>@DQG>@$EX=DLG>@LQYHVWLJDWHGWKHZDWHUGLHVHOHPXOVLRQRI
 DQG ZDWHU'LHVHO UDWLRV E\ YROXPH$EX=DLG UHSRUWHG WKDW WKH DGGLWLRQ RIZDWHU LQ WKH IRUP RI HPXOVLRQ
LPSURYHGFRPEXVWLRQHIILFLHQF\HQJLQH WRUTXHSRZHUDQGEUDNHWKHUPDOHIILFLHQF\$OVR WKHEUDNHVSHFLILFIXHO
FRQVXPSWLRQDQGH[KDXVWJDVHVWHPSHUDWXUHGHFUHDVHDVWKHSHUFHQWDJHRIZDWHULQWKHHPXOVLRQLQFUHDVHV0DLERRP
DQG 7DX]LD >@ VWXGLHG WKH ZDWHUGLHVHO HPXOVLRQ ZLWK D YROXPHWULF UDWLR RI   7KH\ FLWHG WKDW XVLQJ
ZDWHUGLHVHO HPXOVLRQ WHFKQLTXH VKRZ WKDW WKH12[ UHGXFWLRQ DFFRPSDQLHGE\ D ODUJH UHGXFWLRQRI 30DQG VRRW
HPLVVLRQV 7KH HPXOVLILHG IXHO WHFKQLTXH UHVXOWV LQ ORZHU WKH IODPH WHPSHUDWXUH 7KH HDUO\ ORZHULQJ RI IODPH











LQSUHYLRXVO\VWXGLHGWHFKQLTXHV7KHZDWHU LV LQWURGXFHGLQWRWKHHQJLQHF\OLQGHU WKURXJKLQMHFWLQJZDWHU LQWRWKH
H[KDXVWPDQLIROGWRXWLOL]HWKHHQWKDOS\RIH[KDXVWJDVHVWRHYDSRUDWHLQMHFWHGZDWHU%\RSHQLQJWKHH[KDXVWYDOYH
GXULQJ WKH LQWDNHVWURNH WKHHYDSRUDWHGZDWHUDQGH[KDXVWJDVHVIORZLQWR WKHF\OLQGHUPL[LQJZLWK WKHIUHVKDLU
GXULQJ WKH FRPSUHVVLRQ VWURNH DQG SDUWLFLSDWH LQ WKH FRPEXVWLRQ 7KH PDLQ REMHFWLYH KHUH LV WR DYRLG ZDWHU
HYDSRUDWLRQ LQ WKH F\OLQGHU DQG VXEWUDFW WKH ZDWHU ODWHQW KHDW RI YDSRUL]DWLRQ IURP WKH KHDW UHOHDVHG GXULQJ WKH
FRPEXVWLRQ SURFHVV7KH HIIHFW RI LQF\OLQGHUZDWHU HYDSRUDWLRQ DQG UHGXFLQJ FRPEXVWLRQ KHDW UHOHDVH QDPHG DV
WKHUPDO HIIHFW DQG OHDGV WR UHGXFH WKH IODPH WHPSHUDWXUH7KHZDWHU LQMHFWLRQ VWUDWHJ\XVHG LQ WKLV VWXG\ DLPV WR
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XVHG WR PHDVXUH WKH F\OLQGHU SUHVVXUH .7\SH WKHUPRFRXSOHV DUH SODFHG LQ WKH SLSLQJ DW YDULRXV ORFDWLRQV
WKURXJKRXWWKHV\VWHPWRPRQLWRUWKHLQWDNHDLUWHPSHUDWXUHH[KDXVWWHPSHUDWXUHOXEULFDQWRLOWHPSHUDWXUHH[WHUQDO
(*5 WHPSHUDWXUH DQG FRROLQJ ZDWHU WHPSHUDWXUH 5RWDU\ HQFRGHU DQG WKH SKRWR VHQVRU DUH LQVWDOOHG WRPHDVXUH
HQJLQH VSHHG FUDQN DQJOH DQG GHWHFW 7'& ZKLFK DUH DOVR QHFHVVDU\ IRU VDPSOLQJ RI F\OLQGHU SUHVVXUH DQG IRU
FRQWUROOLQJLQMHFWLRQWLPLQJDQGYDOYHWLPLQJ/DEYLHZVRIWZDUHDQG)3*$ERDUGDUHXVHGIRUWKHFRQWURORIV\VWHP
DQG GDWD DFTXLVLWLRQ )RU H[KDXVW HPLVVLRQV PHDVXUHPHQW WKH VPRNH PHWHU LV XVHG IRU VRRW FRQFHQWUDWLRQ
PHDVXUHPHQW 7KH HOHFWULF KHDWHU ZLWK D WKHUPDO FRQWUROOHU LV LQVWDOOHG LQ WKH VRRW VDPSOLQJ OLQH WR FRQWURO WKH






















7KHZDWHU LQMHFWLRQVWUDWHJ\XVHGLQ WKLVVWXG\LQFOXGHVLQMHFWLRQRIZDWHU LQWRWKHH[KDXVWPDQLIROG7KHQ WKH
H[KDXVWYDOYHZDVRSHQHGGXULQJWKHLQWDNHVWURNHWRLQWURGXFHWKHHYDSRUDWHGZDWHUWRWKHHQJLQHF\OLQGHU7KHIXHO
LVGLUHFWO\LQMHFWHGLQWRWKHFRPEXVWLRQFKDPEHUDWR$7'&DVVKRZQLQ7DEOH6LQFHWKHFRPEXVWLRQSUHVVXUH

























3.1. Effect of water injection at different timing and different EGR ratio 
7KH HIIHFW RIZDWHU LQMHFWLRQ WLPLQJ RQ FRPEXVWLRQ SURFHVV LV WR GLVFXVV LQ WKLV VHFWLRQ 7KHUHIRUH WKHZDWHU


















WKH QH[W F\FOH +RZHYHU WKH F\OLQGHU SUHVVXUH ZLWK ZDWHU LQMHFWLRQ VWLOO ORZHU WKDQ WKDW RI FRQYHQWLRQDO GLHVHO
FRPEXVWLRQGXHWRWKH(*5HIIHFW6LPLODUO\WKH$+55FXUYHVKRZVWKDWWKHSHDNVRISUHPL[HGFRPEXVWLRQSKDVH
IRUZDWHULQMHFWLRQFRQGLWLRQVDUHKLJKHUWKDQWKDWRI(*5ZLWKRXWZDWHULQMHFWLRQ)RUPL[LQJFRQWUROFRPEXVWLRQ
SKDVH WKH$+55 LV VOLJKWO\ KLJKHU IRU (*5 DQGZDWHU LQMHFWLRQ FRQGLWLRQV FRPSDULQJZLWK FRQYHQWLRQDO GLHVHO
FRPEXVWLRQDQGORZHUWKDQFRQYHQWLRQDOGLHVHOFRPEXVWLRQIRUWKHODWHFRPEXVWLRQSKDVH&RPEXVWLRQSKDVLQJRI
&$&$ DQG&$ DW WKH YDULRXV FRQGLWLRQV DUH VKRZQ LQ ILJE&$ LV GHILQHG DV WKH FUDQN DQJOH DW
ZKLFK WKH  RI WKH WRWDO KHDW LV UHOHDVHG GXULQJ WKH FRPEXVWLRQ DQG XVHG DV DQ LQGLFDWRU IRU WKH VWDUW RI WKH
FRPEXVWLRQSURFHVVDQGIRUHVWLPDWLQJWKHLJQLWLRQGHOD\$OVR&$DQG&$DUHGHILQHGDVWKHFUDQNDQJOHDW
ZKLFKWKHDQGRIWKHWRWDOKHDWUHOHDVHGGXULQJWKHFRPEXVWLRQDQG&$LQGLFDWHVWKHHQGRIFRPEXVWLRQ
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IURP&$WR&$DVVKRZQLQILJEDQGHTXDOWRRRDQGRIRUFRQYHQWLRQDOGLHVHO(*5DQG
(*5ZLWKRXWZDWHULQMHFWLRQUHVSHFWLYHO\:LWKZDWHULQMHFWLRQWKHFRPEXVWLRQGXUDWLRQLQFUHDVHWRRDQG
R IRU R DQG R ZDWHU LQMHFWLRQ WLPLQJ DW  (*5 FRPSDULQJ WR FRQYHQWLRQDO GLHVHO FRPEXVWLRQ DQG
LQFUHDVH WRRDQGR IRURDQGRZDWHU LQMHFWLRQ WLPLQJDW(*5FRPSDULQJ WR(*5ZLWKRXW
ZDWHU LQMHFWLRQ:DWHU LQMHFWLRQ LQFUHDVHV WKHGXUDWLRQEHWZHHQ&$DQG&$FRPSDULQJZLWKRWKHUFRQGLWLRQV
ZLWKRXWZDWHULQMHFWLRQ)LJXUHFVKRZVWKH,0(3IRUWKHVDPHWHVWHGFRQGLWLRQ7KH,0(3GHFUHDVHGZLWK
(*5DQG(*5ZLWKDQGFRPSDULQJWRWKDWRIFRQYHQWLRQDOGLHVHOFRPEXVWLRQ:LWKZDWHULQMHFWLRQ















UHOHDVH LQFUHDVHV DQG UHVXOWLQJ LQ D ORZHU IODPH WHPSHUDWXUH WKDW UHVXOWV LQ ORZHU WKHUPDO 12[ HPLVVLRQV 6RRW
HPLVVLRQVIRU(*5UDWLR LQFUHDVHGFRPSDULQJ WRFRQYHQWLRQDOGLHVHOFRPEXVWLRQZLWKDQGGHFUHDVHE\
ZDWHULQMHFWLRQZLWKDQGFRPSDULQJWRFRQYHQWLRQDOGLHVHOFRPEXVWLRQIRUZDWHULQMHFWLRQWLPLQJRIR
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DQG R )RU  (*5 UDWLR WKH VRRW HPLVVLRQV DUH JUHDWO\ LQFUHDVHG KRZHYHU ZLWK ZDWHU LQMHFWLRQ VRRW
FRQFHQWUDWLRQGHFUHDVHGZLWKDQGIRUZDWHU LQMHFWLRQ WLPLQJRIRDQGRFRPSDULQJ WR(*5
FDVHZLWKRXWZDWHULQMHFWLRQ7KHUHGXFWLRQLQVRRWHPLVVLRQVZLWKZDWHULQMHFWLRQFRPSDULQJWR(*5ZLWKRXWZDWHU
LQMHFWLRQ UHWXUQV WR GLOXWLRQ DQG FKHPLFDO HIIHFWV DUH UHVSRQVLEOH IRU VRRW UHGXFWLRQ $GGLWLRQDOO\ WKLV LQMHFWLRQ
VWUDWHJ\VKRZVDQHIIHFWLYHZD\WRUHGXFHERWKRIVRRWDQG12[HPLVVLRQV
3.2. Effect of water injection with CA50 control 
7KH SUHYLRXV VHFWLRQ VKRZV WKDWZDWHU LQMHFWLRQ LQ H[KDXVWPDQLIROG LV HIIHFWLYH IRU VRRW DQG12[ UHGXFWLRQ
KRZHYHUWKHPDLQGLVDGYDQWDJHLVWKHUHGXFWLRQLQWKH,0(3,QWKLVVHFWLRQFRPEXVWLRQSKDVLQJFRQWUROLVDSSOLHG







ZDWHU LQMHFWLRQZKLOH WKHF\OLQGHUSUHVVXUHIRU(*5ZLWKZDWHU LQMHFWLRQ LVKLJKHU WKDQ WKDWRI(*5ZLWKRXW
ZDWHULQMHFWLRQ7KHFRPEXVWLRQWLPLQJYDULHGZLWKWKHWHVWHGFRQGLWLRQDVWKHIXHOLQMHFWLRQWLPLQJLVYDULHGIURP
F\FOH WRF\FOH WRIL[ WKH&$DWR$7'&DVVKRZQLQILJE7KHFRPEXVWLRQGXUDWLRQIURP&$WR&$
HTXDOVWRRRDQGRIRUFRQYHQWLRQDOGLHVHO(*5DQG(*5)RUZDWHULQMHFWLRQWKHGXUDWLRQ
IURP&$WR&$HTXDOVWRRDQGRIRU(*5DQGHTXDOWRRDQGRIRU(*5)LJXUHF
VKRZV LPSURYHPHQW IRU ,0(3DIWHU DSSO\LQJ&$FRQWURO FRPSDULQJ WRZLWKRXW&$FRQWURO$SSO\LQJ&$
FRQWURO WR (*5ZLWKZDWHU LQMHFWLRQ DFKLHYHV DOPRVW WKH VDPH YDOXH IRU WKH VDPH FRQGLWLRQZLWKRXW&$





3.3. Effect of different water injection quantity 
7KLVJURXSRIH[SHULPHQWVLVFRQGXFWHGWRHYDOXDWHWKHHIIHFWRIZDWHULQMHFWLRQDPRXQWRQHQJLQHFRPEXVWLRQ
7KHUHIRUH WKH LQMHFWLRQ WLPLQJDQG(*5UDWLRZHUH IL[HGDWRDQG(*57KHZDWHU LQMHFWLRQDPRXQWSHU
F\FOH LV UDQJHGIURPPJ WRPJDV OLVWHG LQ7DEOH)LJXUHDVKRZV WKHF\OLQGHUSUHVVXUHDQG$+55IRU
GLIIHUHQW ZDWHU LQMHFWLRQ DPRXQW %\ LQFUHDVLQJ WKH DPRXQW RI LQMHFWHG ZDWHU WKH PD[LPXP F\OLQGHU SUHVVXUH
LQFUHDVHFRPSDULQJWR(*5FDVHZLWKDQGIRUPJPJPJDQGPJZDWHULQMHFWLRQ
DPRXQW+RZHYHUFRPSDULQJWRFRQYHQWLRQDOGLHVHOFRPEXVWLRQWKH(*5PD[LPXPFRPEXVWLRQSUHVVXUHLVORZHU
ZLWK  6LPLODUO\ WKH SHDN RI SUHPL[HG FRPEXVWLRQ SKDVH LQ $+55 FXUYH LV LQFUHDVHG IRU ZDWHU LQMHFWLRQ
FRPSDULQJZLWK (*5ZLWKRXWZDWHU LQMHFWLRQ )LJXUH E VKRZV WKDW WKH&$ LV LQFUHDVHGZLWK LQFUHDVLQJ WKH
ZDWHU LQMHFWLRQ DPRXQW$GGLWLRQDOO\ WKH&$ IRUZDWHU LQMHFWLRQ FRQGLWLRQV LV HDUOLHU WKDQ FRQYHQWLRQDO GLHVHO
FRPEXVWLRQDQG(*5ZLWKRXWZDWHULQMHFWLRQ7KHFRPEXVWLRQGXUDWLRQIURP&$WR&$DUHRRR
DQG R IRU  PJ PJ PJ DQG PJ UHVSHFWLYHO\ FRPSDUHG WR R DQG R IRU (*5ZLWKRXW ZDWHU
LQMHFWLRQDQGFRQYHQWLRQDOGLHVHOFRPEXVWLRQ
)LJXUH F VKRZV WKDW WKH ,0(3 LV UHGXFHG ZLWK  IRU  (*5 ZLWKRXW ZDWHU LQMHFWLRQ:LWK ZDWHU
LQMHFWLRQWKH,0(3LQFUHDVHGDJDLQE\DQGIRUPJPJPJDQGPJUHVSHFWLYHO\
FRPSDULQJWR(*5ZLWKRXWZDWHULQMHFWLRQ)LJXUHGVKRZV12[DQGVRRWHPLVVLRQVIRUDOOWHVWHGFRQGLWLRQV12[
HPLVVLRQV UHGXFHG GUDPDWLFDOO\ ZLWK  LQ DYHUDJH IRU (*5ZLWKRXWZDWHU LQMHFWLRQ DQGZLWKZDWHU LQMHFWLRQ
FDVHV FRPSDUHG WR FRQYHQWLRQDO GLHVHO FRPEXVWLRQ  &RPSDULQJ WR (*5ZLWKRXWZDWHU LQMHFWLRQ VRRW HPLVVLRQV


























x 7KHSHDNRISUHPL[HGFRPEXVWLRQSKDVHDWDSSDUHQWKHDW UHOHDVH UDWH $+55 LV VOLJKWO\ LQFUHDVHGZLWK
ZDWHU LQMHFWLRQ FRPSDULQJ WR (*5ZLWKRXWZDWHU LQMHFWLRQ$OVR LQFUHDVLQJ WKHZDWHU LQMHFWLRQ DPRXQW
OHDGVWRORQJHULJQLWLRQGHOD\LQPRVWRIWKHWHVWHGFRQGLWLRQV
x 7KH,0(3LVGHFUHDVHGE\DQGZLWK(*5DQG(*5FRPSDULQJWRWKDWRIFRQYHQWLRQDO
GLHVHO FRPEXVWLRQ:LWK ZDWHU LQMHFWLRQ WKH ,0(3 LV LQFUHDVHG E\  DQG  IRU ZDWHU LQMHFWLRQ
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WLPLQJRIRDQGRDW(*5UDWLRDQGLQFUHDVHGE\DQGIRUZDWHULQMHFWLRQWLPLQJRI
RDQGRDW(*5UDWLRFRPSDULQJZLWK(*5ZLWKRXWZDWHULQMHFWLRQ










7KHDXWKRU01RXUZRXOG OLNH WRDFNQRZOHGJH WKH0LVVLRQ'HSDUWPHQW0LQLVWU\RI+LJKHU(GXFDWLRQRI WKH
*RYHUQPHQW RI (J\SW IRU WKH VFKRODUVKLS WR VWXG\ 3K' 'HJUHH DW WKH (J\SW-DSDQ 8QLYHUVLW\ RI 6FLHQFH DQG
7HFKQRORJ\ (-867 7KH DXWKRU DOVR ZRXOG OLNH WR DFNQRZOHGJH 'HSDUWPHQW RI 0HFKDQLFDO DQG $HURVSDFH
(QJLQHHULQJ7RN\R,QVWLWXWHRI7HFKQRORJ\IRUVXSSRUWLQJDQGIXQGLQJWKLVUHVHDUFKZRUN
5HIHUHQFHV























>@ .RVDND+1LVKLJDNL7.DPLPRWR7 6DQR7 6LPXOWDQHRXV ' ,PDJLQJ RI2+5DGLFDOV DQG6RRW LQ D'LHVHO )ODPH E\/DVHU 6KHHW
7HFKQLTXHV6$(7HFKQLFDO3DSHUGRL
>@ )XMLPRWR+.XUDWD.$VDL*DQG6HQGD-2+5DGLFDO*HQHUDWLRQDQG6RRW)RUPDWLRQ2[LGDWLRQLQ','LHVHO(QJLQH6$(7HFKQLFDO
3DSHUGRL
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